This paper deals with quantum mechanical interaction of − 3 with (5,5) and (8, 0) . To perform this we have made an ab initio calculation based on the density functional theory. In these framework the electronic density plays a central role and it was obtained of a self-consistent field form. It was observed through binding energy that NO 
Introduction
Since the discovery of carbon nanotubes [1] as a novel form of carbon, because of the remarkable mechanical, thermal, and electronic properties of carbon nanotubes numerous applications have been conceived. In particular, single wall carbon nanotubes [SWCNTs] could be used as gas sensors, field emission sources, polymer composite fillers, protein immobilizers, filters, electronic components, and so forth.
s can be either semiconducting or metallic depending on their geometrical structure defined by the chirality and the tube radius [2] . These properties were * E-mail: sguerini@ufma.br experimentally proven by combination of scanning tunneling microscopy and scanning tunneling spectroscopy [3] . Since in all semiconducting application the properties of a device depend on the electronic states in valence and conduction bands, the control of the states in these bands is very important to design and to optimize those device. So, the future application of s will depend upon the ability to modify their intrinsic propertis by manipulation of their electronic structure. Adsorption is a mechanism that plays an important rule on tuning electronic properties of carbon nanotubes. Pati et. al. [4] have maden calculations of H 2 O adsorption on carbon nanotube and its effects on electron transport using tight-binding model. In an experimental point of view Kleinhammes et al. [5] purpose NMR as an effective tool for studying gas adsorption in SWCNTs. Peng et al. [6] , showed that molecules, − 3 interacting with carbon nanotube such as carbon monoxide or water, can be docked because they bind to the nanotube surface through the impurity atom due to change of the local chemical reactivity.
The NO − 3 is found in a high concentration in the surface and subterranean water streams and it is very important and necessary to reduce this dangerous pollution [7] . The main source of this pollution are industrial wastewater and, in some areas, intensive agriculture. In this work we report a study of the electronic properties of a metallic (5,5) and a semiconducting (8, 0) s interacting with NO − 3 by using first principle simulations. We hope that may be a potential filtering mechanism to remove or reduce substantially NO − 3 in the water. We show that due the shift in the Fermi level the NO − 3 molecule interacts through a physisorption regime.
Method of calculation
In order to investigate electronic and structural properties of s interacting with NO − 3 molecule, we performed total energy ab initio calculations, based on the density functional theory [8] . We used the code [9] , which performed full self consistent calculations solving the Kohn Sham equations [10] . In all calculations we used double zeta basis ( ) set with polarization function [11] . For the exchange and correlations terms generalized gradient approximation with the parametrization of Perdew et al [12] was used. The interaction between ionic cores and valence electrons is described by norm conserving pseudopotentials [13] in Kleinamn-Bylander form [14] . A cutoff of 150 Ry for the grid integration was used to represent the charge density. Five -points, generated according to the Monkhorst-Pack scheme, are used to sample the Brillouin zone [15] . We have used special consideration proposed by Makov and Payne [16] introducing a uniform background charge in the cell in order to make the total charge zero, with this we obtain the correct value for total energy of system.
Periodic boundary conditions and a supercell approximation with a lateral separation of 40 Å between tube centers are used to ensure that the s plus molecule do not interact with their periodic images. The supercell used has 60 atoms for armchair (5,5) carbon nanotube and 64 atoms for zigzag (8,0) carbon nanotube. The relaxation is performed using the Hellmann-Feynman forces with Pulaylike correction. The structural optimizations were performed using a conjugated gradient procedure and atomic positions of the structure are relaxed until all the force components are smaller than 0.05 eV/Å.
Results and discussion
The figure 1(a) shows the resulting optimized structure of the (5, 5) with NO − 3 molecule. The minimum distance between of (5,5) tube and molecule (N-C) is 2.53 Å and for (8, 0) plus NO − 3 molecule, see figure 1(c), the distance is the 2.45 Å. The binding energy, E , for the two system through the following formula
where E [NO is more stronger than with the metallic (5, 5) . Although the binding energy is relatively large, in both system, the local geometries of the NO − 3 molecule were not appreciably, and therefore we regard this as a physisorption. The figures 1(b) and 1(d) shows the contour plots for the charge density total referent of the figures 1(a) and 1(c), respectively. We can observe, for both system, that the interaction is relatively weak (few lines between nanotube and the molecule). These indicate that binding energies between the systems are weak, and therefore we regard this as a physisorption. We also can observe that the contour line density indicates that the NO − 3 interaction with (8,0) is stronger than with the (5, 5) , in agreement with the binding energies values found for the systems. figure 3(b) , the Fermi level is shifted of 3.05 eV to the bottom of conduction band compared to the pristine . We also observed that appears a localized level in 0.15 eV below the Fermi level, similar behavior occurs to the (5, 5) with NO − 3 system. Finally, the Mülliken population was determined in each situation. We have found that NO 
Conclusion
In summary, we performed the first principles calculations on the energy total, charge transfer, and electronic structures of the NO − 3 interacting with metallic (5,5) and semiconductor (8, 0) . We note que o NO − 3 behaves as an electron donor. Although the binding energy between the system is considered weak, we observe changes in the band structure of the system. These changes show that carbon nanotubes are sensible to presence of NO − 3 and therefore could be used as a filter mechanism.
